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Introduction

Survey of CP violation topics in the kaon system

€ /e

K — ntn~eTe™ and CP violating, T-odd asymmetry
T violation at CPLEAR

Disclaimer: unfairly weighted (by me) to KTeV and € /e

Thanks to

> A. Ceccuci (CERN/NAA48)

> J. Cogan (Saclay/NA48)

> S. Ledovskoy (Virginia/KTeV)
> T. Ruf (CERN/CPLEAR)

> The entire KTeV ¢ /€ group

> And lots of others for supplying slides and info



l:- K° — K% Mixing __]

e Weak Interactions (AS = 2) Mix K°, KO
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e CP Eigenstates:

K; = (K° + K%/,/(2) - CP Even,
K, = (K° - K%/,/(2) - CP Odd

Note: K; can go to 7w (CP Even), much

more phase space than Ky



K° — K% Mixing and CP Violation

e CP Violation:

> K, observed to go to mm (Christenson, Cronin, Fitch, Turlay (1964))
> Bulk of effect comes from A(K® — K°) # A(K° — K°)
KSO(Kl—I—EKQJKLD(EKl—FKQ _or, ,
Ks o pKY + qK° K, o« pK — qK°  (p,gox1+¢)
> € = (2.263 +0.023) x 103

2 .
Vaud Vs Vb I- % A AAS(p - 3??)
VCKM — Vcd Ves Vcb = —A _ _}t2_2)\ A/\Q
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> In SM, € arises from 1 # 0



‘ Direct CP Violation ‘

e Direct CP violation also possible

Indirect
- . .
l

T

€ Direct

o ¢ o Im(As/Ap)

> Ag - I=0 w7 amplitude
> Ao - I=2 7w amplitude

Sum of QCD and EW penguin contributions
1/2 3/2
o €/e=1Im) -[co+ Rs(cgBS? + cs B
e.g. A. Buras hep-ph/9806471, R. Gupta hep-ph/9801412

> ImAy = ImVi Vit = A% X5
> Bg g - Long distance physics

e Bg and Bg are theoretically difficult, and tend to cancel

> €' /e is hard to predict



Kaons and the Unitarity Triangle

e Same unitary matrix as in B system

A.J. Buras, hep-ph/9711217, TUM-HEP-299/97

! - . s
e € and € have clear trajectories in p — 7 plane

> Problem is... all the other stuff multiplying the effect!
> Value as check against B system is nevertheless essential

e Ultra-rare K — nwvo

> will have more quantative impact



‘ KTeV

e £832 (¢ /¢) - ET99 (Rare Decays)

> 2 K, beams (1 Kg beam for E832)
High precision Csl calorimeter

Excellent photon veto system

>
> Low mass spectrometer
>
> TRD package for E799
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€ /e - KTeV

'K T r")/T(K T~ 2 ’
lg‘(IéJ;%WOWD%FEKg::DWO)) - ||';'77,j;||2 ~ 1+ GRQ(%)

e Simultaneous K, Kg beams - coherent regeneration
e Background subtraction

e Acceptance correction - large Kg-K lifetime difference
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e Fit for E’/E



¢ /e - KTeV

o K — 7'7Y - reconstruct with CsI using 7° mass constraint

e K — nm"7n~ -2 good pion tracks
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e Backgrounds range from 0.08% to 1.2% for the 4 modes



Acceptance and € /e in KTeV

Use MC to correct K; and Kg samples for acceptance
> 10’s of millions of K — wer, K — 77%7% and

K — 77~ 70 to study detector response

K — nt 7~ track illumination
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Acceptance and € /e in
KTeV

e Overlay of Data and MC for K decay vertex distributions

> Slope in overlay — misunderstood acceptance?
> Net relative correction between K and Kg
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> K1 — w77~ slope gives largest single systematic
uncertainty (1.6 x 10™4)



I_ KTeV € /e Result

e Result is based on 1996 K — 7970 and fraction of 1997
K —>ntn—

Re(<) = (28.0 &+ 3.0(stat) £ 2.8(syst)) x 10~4
A.Alavi-Harati et al., Phys. Rev. Lett. 83, 22 (1999)

e This result taken alone establishes existence of direct CP
violation

e Analysis of entire 1997 dataset in progress - 4 times more
data

e 1999 Fixed Target Run

> Doubled dataset
> Improved detector performance

> Substantial running at 2 different intensities



NA-48 at CERN :I

e Similar ¢ /e objectives to KTeV’s
> High precision LKr calorimeter

e K and Kg production targets (beam proton tagger in Kg line)

Muon veto sytem
I Hadron calorimeter
: Liquid krypton calorimeter

o S “ . Hodoscope
: i Drift chamber 4
Anti counter 7

Helium tank
Drift chamber 3

Magnet

Drift chamber 2
Anti counter 6

Drift chamber 1

Kevlar window

Provided by NA-48



NA—48 KS VS. KL

Provided by NA-48

. ' !
SPS spill length : 2.38 s K anticounter not to scale !

Cycle time : 1445 Ks (AKS)
Proton momentum : 450 GeV/e TargIEt -

12
~1.5 10 protons per spill

Muon sweeping
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P
: Last collimator -
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sEmE Decay Region
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~120m ~120m




NA-48 77~ Background

e K — 7lv important background to Ky — ntn~

> Pj? peaked at 0 for signal
> Use Kg — ntn~, enhanced K; — wlv
> Background is (0.23 £ 0.02(stat) & 0.04(syst))% in signal region
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NA-48 € /e

e Double Ratio R ~ 1 — 6Re(e /e)

~ Variation of R with Ex? Flat hypothesis x? = 26.5 per 19 DOF
> Extended range (not included in this result) disfavors a trend in Ex
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Experiment & Theory Status of Re(e /e)
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e /e Status

e Agreement between NA-48 and KTeV
e World Average (with scaled error):

- Re(é Je) = (21.2 + 4.6) x 10~

> Regardless of long distance haze, n» many o from 0
¢ KLOE at DAPHNE (Frascati)

> Very different technique: ete™ — ¢ - K1 Kg

> Completely different systematic effects

> KLOE will provide a valuable test of NA-48 and KTeV

techniques



K; - ntr ete”

e Closely Related to Ky — wra

> CP Conserving and CP Violating components:

CP Violating CP Conserving
T +
KL T
Internal n © M1 e‘e

Bremsstrahlung Direct Emission

e Interference = ~* polarization

> asymmetry in angle ¢ between 777~ and ete™ planes
> T-Odd and CP-Violating asymmetry

£
d¢
A, = Nsin ¢pcosp=0 Nsin ¢ cos <0
B Nsinqbcos ¢=0 + Nsin(bcas Pp<0

= I'1 cos® ¢ + [ sin® ¢ + I's sin ¢ cos ¢

Pt Dy

|B++ P
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K; - ntn ete”

K-> n'ttete”

e Main BG: K; — nta— 7%, 7% = ete™y
600 [ with missing -y
- Complete KTEV97 Data |

Signal=1811%42 cvents o K; -+ ntr nY, 7¥ — eTe™v normalization
S/B = 4046
Mee>2.0 MeVi/c? ® BR(KL — ?T+TF_€+B_) (KTeV)
> (3.2 4 0.6(stat) & 0.4(syst)) x 1077
- PRL 80, 4123 (1998) - based on c. 60 events
o K, -> T (Dalitz | -7
Backgmund} > (3.32 4+ 0.14(stat) £ 0.28(syst)) x 10

- Preliminary based on entire 1997 dataset




.Ad):

K; - rntrete

Nsin ¢ Cos t;ﬁ}O_Nsin ¢ cos G0

Nsin ¢ cos gf:::-D“‘i“‘Nsin i cos =0

> Asymmetry varies with m ., due to relative importance of DE and IB
» Acceptance variation with m,, affects (but doesn’t create) Ay

e A, is only present in signal!

K1 — ntr~ete™ after PID+topological cuts only
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Events per 0.1n

K, — ntn~ete”

e Raw asymmetry

> Ag(raw) = (23.3 +2.3)%
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A.Alavi-Harati et al., Phys. Rev. Lett. 84, 408 (2000)

e Acceptance correction based on MC

> Acceptance studied in millions of Ky, — 77~ pi%,
> MC generated with best fit values for DE form factor
> MC corrected Asymmetry: Ay = (13.6 & 2.5(stat) &= 1.2(syst))%

» Theoretical expectation 14.4%



K; = nTn ete - NA4S8

Nr. of events
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e Preliminary BR based on 1998 data:

> 458 X 22 signal events over 37 £ 3 background events
> BR(K; -+ ntn"ete™) =(2.90 £ 0.15) x 10~7
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NA-48 K; - ntn ete”

Asymmetry
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e Preliminary Asymmetry based on 1998 data:

> Asymmetery A, = (20 +5)%

> MC: Input mean Ay = 14% — 20% after all cuts



T-Violation in CPLEAR

¢ Assuming CPT Conservation, indirect CP violation (€) arises from
T-violating K — K° transistion:

~ A(K° — K°) # A(K® — K°)

e Tagging:

= pp— KTn~K° or pp — K~ 7" KO for initial flavor

= lepton flavor gives flavor tag at decay

Substantial Corrections:

= Different initial and final state tagging efficiencies

0.04
0.03

0.02 £
0.01 £

-0.01
-0.02

[EAG:

"

i I [ | I LI | | L | LI | I 1.1 I L} I‘I 11 ‘I_l“|_“| ],I L

2 4 6 8 10 12 14 16 18 20

Neutral kaon decay time [1¢]

R(KO|,— Tr vimr ) —R(K? |smo—e~ 7t 5|
Ap = ( Dlis—m—?HE 'ﬂ'“b'h— )—R( C'|t,._rcm—>f-"'_'?r ljltud') :4R€:(E)
R(K°|j=g—etn~v|i=+ )+ R(K?|t=0—e~ntD|t=r)

aal

A. Anelopoulos, et al., Phys.Lett. B 444, 43 (1998)

o < AZP >= (6.6 £ 1.3(stat) = 1.0(syst)) x 1073

— Direct Observation of T Violation

= compare to 4Re(e) = 6.5 X 1073 from K; — 7w



K—Hrll_l

> Almost pure CP violation

@ KL —)71'01/17

> Proportional to n
> Theoretically clean
> Tough measurement!

o KT — nrvp
> sensitive to (1.4 — p)? + n? (mostly |V;qV%|?)
> 1 event observed in BNL E787 -
BR(K* — 7tvp) = (1.513:3) x 10710
> Peter Cooper’s talk
e K; — mlete

> oubstantially direct CP violating (+ indirect and CP
conserving)

> Background limited: K — eTe vy



‘ Conclusions \

Wide Range of Important CP Violation Results in Kaon

System
Direct CP Violation Now Clearly Established
> 1 Clearly non-Zero
Observation of CP Violation in Dynamical Variable
Direct Observation of T Violation
Analysis Continuing on Current Experiments

Direct Measurements of CKM Parameters in Rare
K-Decays in Future

> See P. Cooper’s talk next!



